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Introduction 
This paper is one of a series covering the major elements of EQL 
-'-Strategy #1, for the reduction of air pollution in the South Coast Air Basin. .
It discusses the control of one of the largest uncontrolled stationary sources 
of hydrocarbons, namely, the displaced gasoline vapors from the filling of 
tanks in gasoline stations and motor vehicles. Progres s in this area has 
been very rapid in the last year, since the San Diego A. P. C. D. adopted 
its Rule 63 (on January 17. 1972) requiring control of this source. This 
paper is an attempt to summarize the situation briefly as it appears at 
present, indicating the state of the control technology at the present time, 
what its likely costs will be, and what are the essential features of the 
regulations that have been promulgated for control of this source. 
For the South Coast Air Basin, it is estimated that about 65 tons/ 
day could be eliminated by controlling the gasoline vapor losses involved 
in gasoline marketing, as compared with a total of 210 tons /day of reactive 
hydrocarbon emis sions from stationary sources projected for 1975. It 
should be pointed out that the proces s occurs in two steps. The first 
step is when the tank truck refills the underground storage tank at the 
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gasoline station. As the gasoline fills the storage tank, the vapor-
laden air above the liquid is pushed out the vent pipe into the atmosphere. 
The incoming gasoline is into e tank via a !! submerged!! line, 
whi reduces the vapor los se s about 40% over !I splash" fill by minimizing 
the vapor- d interface area. However, about one third of the 65 tonsl 
comes from this transfer. 
The second transfer of gasoline occurs in filling the vehicle. 
Here, is essenti !!splash!1 -- the incoming gasoline coming 
into contact with outgoing vapor. This source contributes the other 
2/3 of the total emissions of 65 tons/day. 
Station Tank Filling Control 
The control technology for controlling the losses involved in 
station tank was demonstrated by the L. A. A. P. C. D. in 
It consisted of the use of a line that returned the displaced 
vapors to truck. Almost 100% control was claimed for this system 
especially when no venting to the atmosphere was allowed during the 
operation. Wben the truck is refilled at the refinery or storage 
it delivers the vapors to a closed vapor recovery system (already 
r ed at most es) which es out the gasoline from the 
air and returns it to the tank as a 
More recently rd ran a similar series of tests and 
obtained high recovery rates (86-90%) provided that a pressure-activated 
>:~ 
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valve was used to close the vent during the filling operation, that the 
vapor return lines were of adequate size, and that all connections were 
There seems to be general agreement among several industrial 
sources a vapor return is the most practical way of controlling these 
losses, Ther s detail several types of vapor recovery systems 
that can be installed in existing and future stations, utilizing the present 
tanks and tank trucks, with additional hardware to handle the vapor return, 
):::: 
prevent overfills, etc, 
One poss raised in discussion of this phase of vapor 
recovery is that under certain combinations of ambient and product 
temperature and very high fill rates the volume of vapor generated 
be greater than the delivered gasoline because of the deabsorption 
of more volatile components of the gasoline. In this case, if it were 
unacc to force the recovered vapor back into the truck under 
pressure an auxiliary storage and recovery system would be needed 
at the station. This system could consist of several alternatives such 
as refrigeration and/ or compres sion system to condense out the gasoline 
vapor as a to be returned to the storage tank, The vapor could 
be held in an auxiliary vacuum tank or absorbed in an activated carbon 
which subsequently be regenerated. Naturally, this would 
• p 
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ed the system for vehicle filling. 
s in Petroleum Marketing Operations, 
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The total cost to this Dhase is estimated at 25-50 
million s for the South Coast Air Basin (See Appendix A). 
Vehicle Tank Filling Control 
The sec phase of the operation, filling of the vehicle, is 
pres in a state of flux. Several key problem~ exist and a 
wide variety of solutions are proposed. Here, we 
the situation as it is today 
only try to out-
The key question is what to do with the vapors. One alternative 
is to the vapors in the vehicle with an enlarged carbon canister, such 
as one already used to control the fuel tankfs breathing losses and the 
fuel system! s operating losses. The carbon canister is purged with 
engine air when the engine operates, slightly enriching the inlet 
mixture but not so much as to interfere with the exhaust emis sions 
controls 0 Another vehicle control alternative is to use a collapsible 
insert in fuel tank, thus eliminating the opportunity for any 
vapor to be formed by the evaporating fuel. 
Alternatively, the vapor can be returned to the station tank system, 
it may be mixed with varying amounts of air, necessitating use 
of a compression refrigeration system to condense out the gasoline vapor. 
vapor storage could be accomplished by additi tankage 
lor canisters. Hence many combinations of systems exist 
here for solving the problem. 
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Finally it has also been propos ed that the recovered vapors 
could be incinerated or catalytically oxidized. An incineration system 
would probably e additi fuel to maintain the incinerator pilot, 
and would pr e some oxides of nitrogen, even under the most 
favorable stion emi s sions, 
For any of these systems to work, a good seal has to be achieved 
between vehicle and the systems. For the station -oriented 
controls this problem is complicated the need to have a vapor return 
line as well as the delivery line. The present variety of vehicle configurations 
makes this appr very complicated, There is no definite data available 
on what percentages of the vehicle population can be covered by a given 
nozzle design. Naturally, for new cars a standard fill spout would 
seem very desirable, 
r problem area also concerns the existing vehicle population, 
The pre-1970 vehicles have a variety of venting arrangements for the 
gasoline In trial tests, the vapor recovery systems tend to lose 
vapors out of the vents, 
The best ernative is to use a vapor recovery system that 
s a small suction on the tank that the vapors are drawn 
into the system and not expelled through the vents. This procedure 
is also si because seal at the spout does not have to be 
970 and later vehicles already have an evaporative control system 
so vents on the fuel tanks are es sentially clos ed, However, depending 
rt 
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on the system, raising the ambient pres sure in the fuel tank during 
fueling may still be undesirable. Therefore, a vapor recovery system 
that puts suction on the tank would also be more desirable for these vehicles. 
There are several criteria for selection of the various alternatives 
for this phase of the problem: 
First is the consideration that a vehicle oriented system will take 
effect only very slowly, since only about 11 % of the vehicles are replaced 
every year. A properly designed station-oriented system could potentially 
give a very high reduction (90-95%) almost immediately after installation. 
A very crude economic estimate (Appendix A) indicates that the total 
system costs, on an annualized basis, are of the same magnitude considering 
equipping only the vehicles for the South Coast Air Basin. 
In the station- oriented systems, recovering the vapor and putting 
it back in the tank will probably be more practical than incineration. Fir st, 
the value of the recovered vapor is not small and pays part of the system 
cost. Additional fuel may have to be burned for an incinerator pilot, 
driving the operating cost up further. Secondly. the incineration will result 
in some additional NO , which is not tolerable unless reduced to very 
x 
low levels. 
Cost estimates for the vehicle filling system run from 50-200 
million dollars total investment for the S. C.A. B. (See Appendix A) 
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Development Status 
Several manufacturers have produced prototype systems for 
evaluation, Several of these are being tested and evaluated by the 
San Diego Air Pollution Control District as part of their program 
-,-
under San Diego Rule 63. -,-
Overall Economic Impact 
Despite the reasonably large capital investment that is required, 
the overall effect that will be reflected in the price of gasoline will be 
relatively small, not over one cent per gallon. (See Appendix A) This 
increase is about 2-3% based on current prices. Since the increased 
costs of imported petroleum feedstocks will cause gasoline prices to 
rise in the next few years, the cost of the vapor recovery systems 
be only a part of the future price increases the gasoline user will 
face. 
In order to compare these with other control measures, we 
have calculated the range of control costs for vapor recovery systems 
from about $500 to $1400 per ton of reactive hydrocarbons controlled. 
By co:mparison, the cost of 1975 automobile exhaust emissions controls 
is $1750 per ton of reactive hydrocarbons controlled. In addition, 
emis sions control systems for 1975 vehicles are projected to result 
)~ )~:: 
in an additional 3 -12% fuel economy penalty which makes those controls 
considerably more expensive than the vapor recovery systems. 
-,-
-,-
Personal communication with Mr. Barney McEntre of San Diego 
A.P.C.D., April, 1973. 
Se:miannual Report by the Committee on Motor Vehicle Emissions of 
NAS, January 1, 1972, p. 29. 
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Current Regulations 
At present, the best example of a rule covering vapor recovery 
systems is the San Diego APCD's Rule 63. The key technical provisions 
of the rule are as follows: 
1) There is an exemption for very small tanks, based on the 
as sumption that the throughput of thes e is very small and 
consequently the vapor losses are small. The size exemption 
is 250 gallons for stationary tanks and 5 gallons for non- stationary 
(mobile and portable) tanks, 
2) The minimum effectivenes s (percentage of vapors recovered) 
is specified at 90%, Typical systems will probably do much 
better. 
3) The San Diego rule actually applies to all organic liquids with 
a vapor pres sure over 1,5 psi. However, its principal effect 
will be on gasoline marketing, 
The San Diego rule represents an interesting innovation in the 
relationship between the regulating agency and the regulated industry, 
In this case, the APCD required the industry to submit "implementation 
plans!!, showing how they were going to proceed to implement the rule 
requirements. This procedure essentially provided an incentive for 
each company to work as hard as pos sible in solving the problem 
because of the risk that if they could not come up with an acceptable 
solution, they would not be allowed to continue to market their product. 
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In addition to the San Diego Rule 63. the Orange County APCD 
has adopted a limited version of the San Diego rule, requiring control 
of the filling of the station tanks. 
Summary and Recommendations 
1. Control technologies and hardware are rapidly being developed 
for gasoline vapor los ses. Several alternative methods have 
been evolved to solve the problem. 
2. The cost of thes e control systems will be considerably les s 
than new vehicle controls already required by law and can 
be absorbed with a very slight increase in the price of 
gasoline. 
3. In air basins where additional reductions of hydrocarbon 
emis sions are required to achieve state and Federal ambient 
air quality standards for oxidant, gasoline (and other organic) 
vapor los ses could be controlled through regulations similar 
to the San Diego A. P. C. D. I s Rule 63. 
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API Project EF-14, Phase I Interim Report, April, 1973. 
Appendix A 
PrelimInary Economic Analysis of 
Vapor Recovery Systems 
Some very rough economic estimates for the cost of vapor 
recovery systems can be made for the South Coast Air Basin based on 
the following data: 
Vehicle Population 
Gasoline Usage 
Retail Gasoline Storage Tanks 
Gasoline Weight Losses 
Splash Fill 
Submerged Fill 
1. Cost of Controlling Station Tank Los ses 
6. 2 million (1) 
4.3 billion gallons /year 
SS 000(2) , 
0.185%(3) 
0.114% 
The APCD estimated the cost of a vapor return system using the 
liNishkian11 interlock valve at $600 per tank. However, the District pointed 
out a simpler system, using a concentric fill hose, could cost as little as 
as $200 per tank. The additional costs of $100-1200 per truck modification 
were not a significant factor when spread among 20 to 30 tanks per truck. 
(1) State of California - Implementation Plan? January 30, 1972 - South Coast 
Air Basin Portion 
(2) Estimated at 4/3 1 s value for Los Angeles County given by T rijonis, John 
C. Jr .• llEconomic Air Pollution Model Application: Photochemical Smog 
in Los Angeles County in 1975 11 
(3) Chass et aI., l'Emissions from Underground Gasoline Storage Tanks 11 
J.A.P.C.A., Vol. 13, No. 11, Nov., 1963, p. 524. 
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These estimates were in 1963 dollars. In 1967. Gilbarco (4) estimated the 
cost per tank at $360 including modification to the trucks. 
If we estimate the range of cost of the station tank controls at $500 
to$lOOOper tank, then the cost estiITlate for this phase is 25-50 million dollars. 
II. Cost of Controllling Vehicle Filling Los ses 
A. Cost of Vehicle Oriented Control System $15-20 per vehicle (based on 
estimate froITl current canister costs). 
Annual cost would be this cost times the number of new vehicles in basin 
(approximately II % of total population). 
Annual Cost = 6.2 x 106 vehicles x ll%/year x $15-20/vehicle = $10-14 
million/year. 
B. Station Oriented Control System 
Several estimates on the costs of these systems have been received 
and are quoted on the basis of per station costs as a retrofit to existing 
stations: 
I) Direct Vapor Return _ $4000(5) 
2) Refrigeration and Refrigeration Compres sion Systems - $6000-
$9000 (5) (Refrigeration unit without installation is $1500(6)). 
3) Carbon Storage Systems $2400-$6500 (6, 7) 
Considering the range of possible costs per stationat$4000-$10, 000 and 
estimating the number of stations at one half the number oftanks (27,500), 
the required capital cost for the SCAB is $110-$275 million dollars. 
(4)"A Study of Vapor Emission Control in Gasoline Marketing" report to 
Gilbarco, Inc., Dec. 1967 (C-69599) of Arthur D. Little, Inc. 
(5) Personal communication from Mr. J. E. Preston, Marketing Department, 
Retail Facilities Division, Standard Oil COITlpany of California, Dec. 14, 1972. 
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III. Value of Recovered Gasoline 
Total gasoline that could be recovered is tV 0.3% of total sales. 
Value 4.3 x 10 9 gallons/year x 25i (8) x 0.3% = $3.3 million/year. 
IV. Impact on Gasoline Prices 
Assuming that the capital costs can be translated to annual cost 
approximately by dividing by 10, the total program annual cost is 13.5 
to 32.5 million/year, less savings in gasoline at 3.3 million/year, i. e., 
10 to 30 million/year. This cost could be paid for by an increase in 
gasoline price of 0.25 to 0.70 cents ~ gallon. 
V. Comparison with Cost of 1975 Automobile Exhaust Controls (not 
including fuel penalty) 
T rijonis (9) has estimated the cost of the 1975 automobile exhaust 
controls at $1750/ton of reactive hydrocarbons. If we assume the vapor 
recovery systems will eliminate 90% of the 65 tons /day of reactive 
hydrocarbon emissions, or a total 21,300 tons/year, then given the range 
of annual costs from the previous section the control cost is $470 to 
$1410 per ton. 
(6L . 
'Personal communication from Mr. B. B. Murray, Vapor ex, Anaheim" 
, October 31, 1972. 
(7) 
G. M. Gayak, "The Use of Granular Activated Carbon to Control Gasoline 
Vapor Emissions at Service Stations'!, Feb. 28, 1972 
(8 ) 
36i/gallon less 11 ilgallon taxes 
(9) T 
s, op. cit., p. 79. 
